Cystic glandular hyperplasia of the endometrium was induced in castrate and entire guinea pigs by injecting oestradiol (15 ~tg per week), or by feeding them oestrogenically potent subterranean clover, for 7-8 weeks. The presence of the lesion was determined by removal of one uterine horn at biopsy from some of the animals at the end of the 7-8 weeks, after which all animals were left without treatment for a further period of 20 weeks.
jected to biopsy, cystic glands were found at autopsy in six out of eight undosed animals, whereas only three out of eight oestradiol-treated animals and none of the five clover-fed animals had the lesions. Again, the difference between dosed and undosed groups was significant (P < 0.05). The uterine horns removed from the eight undosed animals at biopsy were histologically normal.
The lesion was more severe in castrate than in entire animals. This was particularly noticeable in the clover-fed groups. Significant regression of the lesions between biopsy and autopsy occurred in the non-ovariectomized, oestrogen-treated groups, but not in the ovariectomized, oestrogen-treated groups.
Observations were also made on oestrous periods and nipple lengths during the experiment, and on uterine size and the gonadotrophic content of the pituitary glands at the end of the experiment. Oestrus, as judged by the patency of the vagina, was continuous during the oestrogen treatment. Soon after the cessation of treatment, normal oestrous cycles were resumed in 11 of the 13 animals not subjected to biopsy or ovariectomy.
It is concluded that endometrial glands which become cystic under the influence of oestrogen can remain in this condition for long periods after the cessation of oestrogenic stimulation, and in the absence of a persisting endocrine imbalance.
I. INTRODUCTION
Cystic glandular hyperplasia of the endometrium is a common sequel to oestrogen treatment in the mammalian female. The lesion has been reported following a course of oestrogen injections in guinea pigs and rats (Wolfe, Campbell, and Burch 1932) , women (Kaufmann 1934) , mice (Parkes 1935) , monkeys (Zuckerman and Morse 1935) , rabbits (Lacassagne 1935) , ground squirrels (Wells and Overholser 1940) , and golden hamsters (Bacon and Kirkman 1949) . However, until recently the question of the persistence of the lesion after the cessation of oestrogen treatment had received little attention. Cystic endometrial hyperplasia, induced in monkeys by oestrogen treatment, was found to regress within 2-4 months after the termination of the treatment (Dahl-Iversen, Hamburger, and Jorgensen 1942) . On the other hand, the condition is known to be present in post-menopausal women for long periods in the apparent absence of oestrogenic stimulation (Novak and Richardson 1941) .
In 1946, Bennetts, Underwood, and Shier reported a breeding problem in sheep depastured on subterranean clover. The manifestations were cystic glandular hyperplasia of the endometrium, infertility, and, in those that did conceive, dystocia. Strong evidence that the syndrome resulted from the presence of an oestrogenic substance in the clover was presented by these workers and by Curnow, Robinson, and Underwood (1948) , and Robinson (1949) . Brad-. bury and White (1951) and Curnow (personal communication 1952) identified this substance as the isofiavone genistein, which they isolated from extracts of clover. It was found that the cystic endometrial hyperplasia and the infertility remained for several years after the affected animals were transferred to non-clover pastures (Schinckel 1948; Underwood and Shier 1951) . However, there was no concomitant disturbance of the oestrous cycles of affected sheep (Bennetts, Underwood, and Shier 1946; Underwood and Shier 1952) .
These reports suggested that, in one species at least, endometrial cysts, induced by exogenous oestrogens, can persist for long periods in the absence of excessive oestrogenic stimulation or endocrine imbalance. The present study was undertaken in an endeavour to establish whether or not this applied to laboratory animals as well. The effect of oestradiol treatment was compared with clover feeding to discover whether the action of the clover· oestrogen differed from that of oestradiol.
II. METHODS
Sixty-one virgin female guinea pigs, about 3 months old, were randomized into eight groups, five containing eight animals each and three containing seven.
The experiment entailed a period of oestrogenic stimulation lasting 7-8 weeks, followed by a second period of about 20 weeks without any treatment. At the end of the first period biopsies were performed on groups 1, 3, 4, 6, and 7, the greater part of the free portion of the left uterine horn being removed. At the conclusion of the second period, all the animals were killed by chloroform and tissues were removed for histological examination. The treatment of the individual groups is shown in Table l .
The subterranean clover used was collected (in 1945 and 1946) when green, dried immediately, and kept in airtight tins. It was finely ground and fed ad lib. to guinea pigs in groups 1, 2, and 3. In these groups ascorbic acid was added to the drinking water during the period for which the animals were fed on clover. Three weeks after the start of the experiment a supplement was added to the clover as all the clover-fed animals were losing weight and three deaths had occurred. Normal weight gains were maintained on the supplemented ration which consisted of clover, 80 per cent.; pollard, 10 per cent.; meatmeal, 5 per cent., and bakers' yeast, 5 per cent. The remaining groups were fed on a normal diet which included fresh lucerne. Oestradiol benzoate was administered intramuscularly in arachis oil to groups 4, 5, and 6 during the first 7 weeks of the experiment. Doses of 5 I'-g oestradiol benzoate were given three times weekly. The animals in groups 3 and 6 were subjected to ovariectomy 2 days prior to the start of the experiment. During the second period no oestrogen treatment was given and all the animals were fed on the normal diet. Body weights were recorded w~ekly, and nipple lengths measured with vernier callipers every 2 weeks. Oestrus, as exhibited by vaginal patency, was recorded daily. 
All the tissues examined, except the pituitary glands, were fixed in 10 per cent. formalin followed by Vandergrif's fixative. Paraffin embedded sections were stained by haematoxylin and eosin. The pituitary glands were fixed for 2 hr in 10 per cent. neutral formol saline followed by overnight fixation in Zenker-formol and paraffin embedding. Sections from 45 pituitaries were stained by the method described by Pearse (1950) , which involves the periodic acid-Schiff technique. With a 1.8 mm objective and an 8X ocular about 10 fields were counted from each pituitary. The numbers of cells staining positively by the Schiff stain were expressed as a percentage of the total numbers of cells, and the results analysed statistically.
Uterine size measurements.-A comparison of uterine size could not be made on the basis of weight as biopsies had been performed in some groups. However, differences in the size of the organ between groups were conspicuous, so the area of a transverse section through the middle of the body of the uterus was used to provide an objective basis for comparison. Stained sections of the uteri were projected onto ruled paper at a magnification of about 5.5X, and their outlines were recorded. Normal cycles resumed in the 8 animals 5-12 days after last injection. Two showed some irregularity in not exhibiting oestrus for up to 66 days after several normal cycles .Six animals resumed normal cycles in 5-17 days after last injection. Two were abnormal: vaginal closing occurred in one animal after 60 days followed by normal cycles; in another the vagina remained open for 115 days, then for the remaining 4 weeks opening and closing occurred irregularly every few days. The vaginae of all 6 animals closed 3 days after last injection. Irregular opening and closing for next 32 days, followed by anoestrum to end of period 2 Four guinea pigs had normal cycles. Two had two long periods with vagina closed up to 50 days, at the beginning of period 2, and then returned to normal. Another showed oestrus twice only and another once only All 8 animals had normal cycles
The three clover-fed groups showed increases in mean nipple length ranging from 60 to 70 per cent., commencing shortly after the beginning of feeding and reaching a maximum within 6 weeks, except among the ovariectomized animals in group 3, in which the maximum was reached in about 4 weeks. Some regression occurred during the remainder of the treatment period in this group; the mean nipple length at the end of the feeding period was only 25 per cent. above the initial value. After the cessation of clover feeding, however, the nipple length in groups 1 and 2 dropped within a fortnight to the same level as group 3. After this, the mean nipple length in group 3 declined gradually to about 10 per cent. greater than the initial length. The value in group 2 remained unaltered, whereas in group 1 it gradually increased again to about 60 per cent. above the initial length.
In the three groups treated with oestradiol, the increase in mean nipple length was more rapid and greater than in the clover groups. The maximum increase attained was 75-90 per cent. After the cessation of treatment, there was a rapid regression, but not to the initial levels. The mean nipple lengths in groups 4, 5, and 6 at the end of the experiment were respectively 30, 50, and 20 per cent. greater than the initial length.
(b) Oestrus
In the control animals (group 8) oestrous cycles were regular and oestrus lasted 3-5 days. The period of vaginal closing between successive oestrous periods was generally between 13 and 18 days. Occasional oestrous periods were not detected, so that the vagina apparently remained closed for about 30-33 days, but this could be caused either by failure of the vagina to open or by a very short oestrus. The results are summarized in Table 2 . 
I (c) Uterine Size
The mean log cross-sectional area of the uterus in each group and its standard error are set out in Table 3 . The variances of the uterine size within each group increased with the means of the groups, so analyses were carried out on logarithms (see Table 4 ). Because there was no undosed, ovariectomized group, two analyses of variance were carried out-one including two surgical treatments (biopsy and non-biopsy) with three oestrogenic treatments (clover, oestradiol, and undosed), and the other including three surgical treatments and two oestrogenic treatments (clover and oestradiol).
The first analysis indicated a significant interaction between surgical and oestrogenic treatments, arising from the fact that the value for the biopsied PERSISTENCE OF ENDOMETRICAL CYSTS 525 animals was lower than that for the non-biopsied animals in the oestradioltreated groups, whereas in the undosed and clover-fed groups the entire animals had larger uteri than the biopsied. The high value for the clover-fed, biopsied animals was largely due to distended uterine lumens, but there seemed to be actual hypertrophy of the uterine tissue itself in the oestradiol-treated, nonbiopsied group. 
(d) Histological Examination of the Uteri
Sections of the horns and the body of the uterus were examined for the presence of endometrial cysts, and scores were given to each according to the severity of the lesion (Table 5): -Indicates normal endometrial histology (Plate 1, Fig. 1 ). + Indicates the presence of early glandular hypertrophy with an occasional small cyst showing Hattening of the lining epithelium (Plate 1, Fig. 2 ). ++ Indicates the presence of a number of medium-sized cysts (Plate 1; Fig. 3 ). +++ Indicates a severe lesion characterized by numerous large cystic glands, as depicted in Plate 1, Figure 4 . The Hattened epithelial lining of such glands is illustrated in Plate 2, Figure 5 .
As the number of animals in each group was small, the scoring system was simplifIed for statistical anlysis. The animals were grouped into two classes: those with normal uteri (scored -), and those with abnormal uteri (scored +, ++, or +++). For the comparison of the scores of the uterine horns removed . at biopsy (Table 5 , column A), ' 1.. 2 tests were carried out. .The ' 1.. 2 value for groups 1, 4, and 7 was found to be 19.402, which .is highly significant (P < 0.001 ), and results from the fact that all theundosed animals (group 7) had normal uteri, whereas none of the oestradiol~treated animals and only one of the seven clover-fed animals had normal uteri. There was no difference between the two ovariectomized groups at biopsy, though there was a tendency for the lesions to be more severe in the clover-fed than in the oestradiol-injected animals.
In order to determine whether any regression of the lesions took place between biopsy and slaughter 20 weeks later, the horn and body of the uterus were scored separately in each animal (see columns Band C, Table 5 ). However, for comparisons between treatments, the scores of the two parts were combined to give a score for each uterus as a whole. This was done by taking the higher of the two scores as representing the whole uterus. In all except group 7, these combined scores correspond to those given for the body only in column C of Table 5 . In group 7, the numbers of animals under each classification were -2, + 3, ++ 3, +++ O. Separate X2 tests on the combined scores were done for the biopsied animals (groups 1, 4, and 7) and the nonbiopsied animals (groups 2, 5, and 8). There were significant differences in the numbers of animals with the lesions between the three groups subjected to biopsy (X2 = 7.219, P < 0.05) and also between the three groups not subjected to biopsy (X2 = 9.551, P < 0.01 ). In the biopsied groups, only two out of eight undosed animals (group 7) had normal uteri, whereas all the clover-fed animals (group 1) and five out of eight oestradiol-injected animals had normal uteri. In the non-biopsied groups, on the other hand, all the undosed animals had normal uteri, whereas only two out of eight oestradiol-treated and three out of five clover-fed animals had no lesions. There was little difference between the scores for the two ovariectomized groups. The differences in the combined scores for the whole uterus between groups 2 and 3, and between groups 5 and 6 (see column C, Table 5 ) suggest that ovariectomy resulted in an increase in the severity of the cystic endometrial lesion. This was particularly evident in the clover-fed animals.
The ~omparisons between the horn scores at biopsy and at slaughter (Table   5 , columns A, and B respectively), were carried out by %2 tests, again grouping the animals into two classes-those with, and those without, cystic endometrial glands. For groups 1, 4, and 7 there were significant differences between the numbers without lesions at biopsy and at slaughter. The %2 values found were:
clover-fed group, 5.486 (P < 0.05); oestradiol-treated group, 9.143 (P < 0.01), undosed group, 4.655 (P < 0.05), and all three groups together, 19.284 (P < 0.001). In the oestrogen-treated animals (groups 1 and 4) there was an almost complete regression of the lesions during the 20 weeks between the cessation of oestrogen treatment and the end of the experiment, but in the undosed animals the condition had developed in five out of eight animals, all of which had normal uteri at biopsy, as judged by the condition of the horn removed. The blood supply to the ovary was not damaged by the biopsy operation. There was no· significant regression of the lesion between biopsy and the end of the experiment in the castrates. ( e ) Examination of the Pituitary Glands A total of 1000-2000 cells was counted in each pituitary, and the number of cells stained by the periodic acid-Schiff (F..A.S.) technique was expressed as a percentage of the total number of cells. The only pituitary hormones which are known to be glycoproteins are the gonadotrophins and thyrotrophin and, as the latter is thought to have a much smaller proportion of carbohydrate in the molecule, the intensity of staining by the P.A.S. technique may be taken as some indication of the amount of gonadotrophin present. Pearse and Rinaldini (1950) have shown this to be so in starved rats.
The mean values for the number of cells stained by the P.A.S. technique expressed as a percentage of the total number of cells are given in Table 6 . Because there was no ovariectomized, undosed group, two analyses of variance were carried out-one including two surgical treatments (biopsy and nonbiopsy) with three oestrogen treatments (clover, oestradiol, and undosed), and the other including three surgical treatments and two oestrogenic treatments (clover and oestradiol). These .analyses are given in Table 7 . The analyses revealed that the effect of the surgical treatments, and the interaction of surgical and oestrogenic treatment, was significant. Of the surgical treatments, ovariectomy (groups 3 and 6) induced a higher percentage of P.A.S. positive cells than biopsy (groups 1, 4, 7; P < 0.01), which in turn induced more P.A.S. positive cells than non-biopsy (groups 2, 5, 8; P < 0.01). The pituitary glands of animals subjected to castration and oestradiol treatment (group 6) had a significantly higher percentage of P.A.S. positive cells than the castrated, cloverfed animals (group 3; P = 0.05). --------------*** = P<O'OOI;I* = P<0·05.
IV. DISCUSSION The results of the present investigations indicate that, in the guinea pig, cystic glandular hyperplasia of the endometrium, induced by oestrogen administration, can persist for long periods after the cessation of treatment. The animals thus affected usually exhibit normal oestrous cycles. Similar effects following oestrogen administration to mice have been reported elsewhere (Braden 1952) . In guinea pigs, the presence of ovaries is not essential to the production and persistence of the cystic glands; indeed, the condition is more easily induced in ovariectomized than in entire animals. Novak and Richardson (1941) report the persistence of cystic endometrial glands over long periods in post-menopausal women with little evidence of oestrogenic stimulation in th~ rest of the endometrium. Their observations, as well as those on sheep (Bennetts, Underwood, and Shier 1946) and the present results, indicate that the glands are not maintained in their cystic condition by an endocrine imbalance, which persists after the cessation of oestrogen administration or secretion, but that the cysts are autonomous. In accord with this hypothesis are the observations that many animals with cystic endometrial hyperplasia exhibit normal oestrous cycles, and that oestrogen treatment has no significant effect on the subsequent histological picture of the pituitary. The mechanism by which the glands are maintained in the cystic condition may be mainly mechanical.
The position in pre-menopausal primates appears somewhat different, however. In women before the menopause, cystic endometrial hyperplasia is almost invariably associated with ovarian abnormalities ( Schroeder 1915; Fluhman 1931 ), but when normal ovarian function is restored or the ovaries are removed, the lesion disappears' (Taylor 1944; Wolfe 1950) . The difference in this respect between primates and other mammals is probably related to the difference between their endometrial cycles; in primates the major part of the endometrium containing the cystic glands would probably be shed during menstruation.
The cystic endometrial hyperplasia induced in guinea pigs by feeding subterranean clover is presumably a manifestation of the action of genistein, the only substance possessing oestrogenic activity known to be present in the clover in significant amounts (Bradbury and White 1951; Curnow, personal communication 1952 ). It appears unlikely from the present results that the mode of action of this oestrogen differs from that of oestradiol. The differences between the effects of clover feeding and oestradiol injection can probably be imputed entirely to a lower oestrogenic dose level in the former. In support of this are the observations that the oestradiol treatment caused a greater in-• crease in nipple length than the clover feeding, and also induced continuous oestrus sooner.
In relation to the breeding problem in sheep depastured on subterranean clover (Bennetts, Underwood, and Shier 1946) , the present observation that ovariectomy increases the effectiveness of oestrogenic treatment in inducing the cystic glandular condition, is of significance. Apparently the oestrogenic stimulus need be little above the threshold required for glandular response, as the clover feeding produced few permanent cysts in non-castrate guinea pigs. In comparison with the more common oestrogens, the potency of genistein is low (Bradbury and White 1951) ; even a diet consisting almost entirely of fresh, potent subterranean clover would represent only a relatively low oestrogen dosage. What seems to be of more importance is the fact that the sheep are normally in anoestrum during the months they are grazing the potent clover. During this period there would be little circulating progesterone to counteract the effects of the ingested oestrogen. Korenchevsky and Hall (1940) find that the concurrent administration of progesterone prevents the appearanc~ of cystic glandular hyperplasia in the uterus of spayed rats treated with oestrogen and androgen. Likewise, Taylor (1944) concludes that a great excess of oestrogenic stimulation is not the essential factor in inducing the lesion, but rather a continuity of oestrogenic stimulation without the periods afforded by the normal oestrous cycle when the effect of oestrogen is counteracted by that of progesterone. However, very little cystic hyperplasia was found by Bennetts and Underwood ( 1951 ) in ovariectomized ewes grazed on subterranean clover during the 1947 and 1948 seasons. The absence of severe lesions in these ewes may have been the result of a lower intake of oestrogen than affected sheep received in the years when the incidence of the condition was highest (1941) (1942) (1943) (1944) (1945) . Recent evidence indicates that the oestrogenic potency of the clover was considerably greater during those years (Alexander and Rossiter 1951) .
In contrast to the present results, East (1952) apparently found little or no cystic glandular hyperplasia in the uteri of guinea pigs maintained on a clover diet, or injected with oestradiol, for 6-9 months. Hyperplasia, metaplasia, and keratinization of the epithelium of the genital tract were present, however, and considerable, though not complete, regression of these conditions occurred during a further period without treatment. It would appear that the effective oestrogen dose rate in most of her groups was less than in the present study, as she did not observe continuous oestrus except in animals on the highest dose rate. In these animals, ovarian atresia was still present at the end of the experiment.
The removal of one horn of the uterus in some of the groups introduced a complication. This procedure, in the absence of oestrogen administration, induced cystic endometrial hyperplasia in most of the animals. However, when the operation was performed on oestrogen-treated animals the number which subsequently exhibited the lesion was less than in the groups in which the animals were subjected to either treatment alone. An interaction between surgical and oestrogenic treatments was also found in the analyses of estimates of uterine size, and of the gonadotrophin content of the pituitary glands, but the mechanism of this interaction is obscure.
As far as is known, cystic glandular hyperplasia of the endometrium as a sequel to subtotal hysterectomy has not been reported before. However, the condition may not develop as a result of the removal of part of the uterus in other species, as it has been observed that, in three rabbits treated in this way, the remaining uterine horn appeared quite normal 4 months later (Braden 1952) . Cystic glandular hyperplasia of the endometrium has been noticed in several species following surgical procedures involving removal of a part of the ovary or pituitary. Thus subtotal ovariectomy in rats, guinea pigs, and cats (Burch, Wolfe, and Cunningham 1932; Lipschutz 1937) or subtotal hypophysectomy in guinea pigs will produce the condition (Burch et al. 1937) . Clinical observations indicate that women are similarly affected by ovarian resection (Burch, Wolfe, and Cunningham 1932) or ovarian autotransplantation (Knudtzon 1937). However, Dahl-Iversen, Hamburger, and Jorgensen (1942) and Van Wegenen and Morse (1942) could not produce the lesion in monkeys by the two last-mentioned techniques. A possible explanation of the effect of these surgical procedures in inducing cystic glandular hyperplasia is that they permanently upset a delicate hormonal balance between the pituitary, ovaries, and uterus. In support of this hypothesis is the present finding that some of the animals from which one uterine horn had been removed displayed irregular oestrous cycles. Also, the present results suggest that subtotal hysterectomy increases the gonadotrophic activity of -guinea pig pituitary glands. Haematoxylin and eosin. X 38. 
